Objective: To report the seven-year preliminary results of a single-center on brachytherapy with Iodine-125 seeds, used in combination with external beam radiotherapy in selected patients with localized prostate cancer (T1-T2). Materials and Methods: All 105 patients treated by brachytherapy with Iodine-125 seeds, from January/1998 to December/ 2004, were retrospectively analyzed. The prescribed dose was 144 Gy at the periphery of the prostate for isolated brachytherapy, and 110 Gy for the combination with external beam radiotherapy. The external beam radiotherapy dose was 45 Gy, at the prostatic bed. Neoadjuvant hormone therapy was indicated for selected patients, who received luteinizing hormone-releasing hormone (LH-RH) and/or antiandrogens. For definition of biochemical relapse, it was adopted the American Society for Therapeutic Radiology and Oncology consensus. Results: Of the 105 patients treated, 90 were followed for a mean period of 70 months. Biochemical disease control was achieved in 62 (69%) and biochemical recurrence was manifested in 28 (31%). The analysis of each risk group showed biochemical disease control rates of 79%, 71% and 52% in the low, intermediate and high risk groups, respectively. The mean time for biochemical recurrence was 22 months. Genitourinary acute toxicity was classified as grade 0-2 (RTOG) in 88.5% and in 94.2% for the late toxicity (RTOG/EORTC). Gastrointestinal acute toxicity was graded as 0-2 (RTOG) in 100% and in 97.7% for the late morbidity. No grade 5 was detected. Conclusions: Brachytherapy with Iodine-125 seeds is an effective alternative treatment for early stage prostatic cancer, with good biochemical disease control rates and low to moderate toxicity. The best results were obtained in low and intermediate risk patients.
INTRODUCTION
In Brazil, there are 51 cases of prostate cancer out of every 100,000 people, per year. In developed countries, prostate cancer represents 15 .3% of all cancer cases, compared to a rate of 4.3% in developing countries. The recent rise in the incidence is probably due to the diagnosis of new cases among asymptomatic individuals, after the increased use of prostate specific antigen (PSA) determination (1) .
Localized prostate cancer can be successfully treated by surgery (radical prostatectomy), external beam radiotherapy or brachytherapy (2) . According to recent literature, the biochemical control rates attained by brachytherapy with Iodine-125 seeds are similar to those of radical prostatectomy and external beam radiotherapy (3) .
Brachytherapy with Iodine-125 seeds has been increasingly used due to technological advances in transrectal ultrasonography, availability of radioactive iodine sources adapted for implantation in the prostatic gland and to the development of computerized planning programs for this therapeutic method (4) .
One of the main advantages of brachytherapy is its conformational property, concentrating high doses of radiation inside the target volume and a rapid fallof in adjacent structures, such as rectum and bladder (5) .
Other benefits of this technique are the short time to be performed, hospitalization for only 24 hours and low to medium intensity side effects, allowing a quick return of the patient to normal activities (6) .
One of the radioisotopes used in prostate brachytherapy is Iodine-125, which has a half-life of 60 days and emits gamma rays of 27 Kev (6). Sources are permanently implanted into the gland, without risk of radiation to the general population, due to emission of low energy photons.
Intermediate or high risk patients may be submitted to external beam radiotherapy before brachytherapy, to destroy possible extraprostatic neoplastic cells situated beyond the reach of radiation emitted by Iodine-125 seeds (7) .
Although the indication for neoadjuvant hormone therapy is still controversial, many publications have been divulged concerning its use (8, 9) . Prescription of neoadjuvant hormone therapy aimed at reducing prostatic volume, when the gland is over 50g (cytoreduction), and destroying malignant cells, acting as an antineoplastic agent (10) .
The objectives of this paper are to evaluate the biochemical disease control after seven years follow-up, the immediate acute side effects and the late toxicity of 90 patients with localized prostate cancer (T1-T2) treated by brachytherapy with Iodine-125 seeds, in association with external beam radiotherapy in selected patients.
MATERIALS AND METHODS
From January/1998 to December/2004, 105 patients with localized prostate cancer, referred from different urologists, were treated by brachytherapy with Iodine-125 seeds, and were retrospectively analyzed, taking into consideration the value of initial PSA (iPSA), Gleason's score and clinical stage (TNM) (11) . iPSA is defined as the latest value of total PSA, measured before applying any treatment.
Patients were classified into three risk group categories, also adopted by Seattle Prostate Institute (12) , that, based on prognostic factors such as iPSA, Gleason score and clinical stage (TNM) (11) , evaluate the risk of biochemical recurrence after any type of treatment. The risk groups are described as low risk: iPSA ≤ 10 ng/mL, Gleason < 7 and clinical stage < T2c, intermediate risk: iPSA > 10 ng/mL or Gleason ≥ 7 or clinical stage ≥ T2c (one risk factor with a higher value than those for the low risk), and high risk: presence of two or more risk factors with higher values than those for the low risk.
There Brachytherapy was performed in three sequential stages: preplanning, implantation of radioactive sources and post-planning dosimetry.
Pre-planning consisted of prostate volumetric study, performed through transrectal ultrasonography with a GE TM / 3200 Advantage II / RT ultrasound machine, equipped with a specific module for prostate brachytherapy. Axial images of the gland in 0.5 cm equidistant planes, from the base until the apex of the prostate were recorded and transferred to a computer loaded with a PROWESS 2.0 TM program, which supplied technical data for the procedure.
Implantation of seeds were performed in the operating room, under peridural anesthesia, introducing each source in strategic positions previously determined by the computer, driven by a template with alpha-numeric grading that allowed placement of each radioactive source into pre-determined coordinates. Pre-loaded needles with stranded seeds were used (RapidStrand TM , ONCURA, Plymouth Meeting, PA, USA).
Post-planning dosimetry was performed to evaluate technical quality of the implant and to quantify doses of radiation delivered to prostate, bladder and adjacent rectum. This procedure begins with a pelvic computerized tomography, where the prostate, rectum and bladder were identified, followed by images transference to a computer for calculation of final doses of radiation in these organs, as well as others dosimetric values of the implant such as V 100, which is the volume of prostate that received 100% of the radiation dose and the D 90 , which is the dose received by 90% of the prostate. The prescribed doses were the same suggested by American Association of Physicists in Medicine (AAPM) Task Group 43 (TG-43) (13) , that recommends 144 Gy at the prostate periphery for isolated brachytherapy and 110 Gy when associated to external beam radiation therapy.
External beam treatment planning began with a pelvic computerized tomography, for identification of the target volume, bladder and rectum. After defining the ideal positioning of each radiation field, confirmation of their precise position were made through portal films taken by the treatment machine. The linear accelerator used for external beam radiotherapy was a Siemens TM , Mevatron model, with 6 MeV photon energy. The total dose prescribed was 45 Gy, restricted to prostatic bed, applied in daily fractions of 1.8 Gy, over five weeks.
Neoadjuvant hormone therapy, with LH-RH agonists and/or anti-androgenic, was only used in patients with prostatic volume above 50 g, prescribed by the assistant urologist and interrupted immediately after brachytherapy, in all cases. Neoadjuvant hormone therapy was applied in 11/33 low risk, in 20/34 intermediate and in 14/23 high risk patients.
For definition of biochemical relapse, it was adopted the American Society for Therapeutic Radiology and Oncology (ASTRO) (14) consensus, which establishes as treatment failure, three successive increases of total PSA, measured with intervals of 4 to 6 months or the beginning of any salvage therapy, with recurrence occurring on the date corresponding to the midpoint between the nadir PSA (nPSA) date and that of the first PSA rise (14) . nPSA is the lowest value of total PSA reached after treatment.
It was assumed as acute toxicity the signs and symptoms that appeared up to 120 days after treatment and as late toxicity the side effects manifested after this date (15) .
The Radiation Therapy Oncology Group (RTOG) system was used for evaluation of acute toxicity of brachytherapy in gastrointestinal (GI) and in genitourinary (GU) tracts (15) . To analyze late toxicity, the RTOG/European Organization for Research and Treatment of Cancer (EORTC) (15) criteria was used (Appendix-1).
In this study, toxicities were evaluated during personal interviews performed by the physician in charge every 4-6 months after implantation, who recorded PSA values, the physical and laboratory findings. It was not possible to evaluate toxicity in three patients.
The statistical method applied was the chisquare test for the categorical variables and the tStudent test for the continuous variables. Actuarial three and five years biochemical disease free survival (BDFS) and the possible influence of certain factors (external beam radiotherapy, neoadjuvant hormone therapy, risk group category) on biochemical disease control were analyzed by the Kaplan-Meier method and the log-rank test. A significance level of 5% probability (p < 0.05) and a confidence interval with 95% (CI95) probability were adopted. 
RESULTS
We analyzed 105 patients, and 90 cases were selected for evaluation. There were 12 deaths, not related to the prostate disease, and three patients were lost to follow-up.
Mean age was 68 years (46 -90; 95CI: 66.3 -69.48), and the mean iPSA was 13.65 ng/mL (3.2 -70; 95CI: 10.99 -16.32).
Median Gleason score was 6 (2 -9), with 80% showing Gleason from 2 to 6 (72 patients) and 20% with Gleason > 6 (18 patients).
77 patients (85.5%), were staged as T2b-T2c and 13 patients (14.5%) as T1c-T2a.
Biochemical disease control was achieved in 62 (69%) of the 90 patients, after a mean follow-up period of 70 months (25-108; 95CI: 63.18 -76.62). Biochemical disease control according to risk group category can be seen in Table- In high risk category, the association with external beam radiotherapy had statistically significant influence, obtaining 87.5% biochemical disease control in cases submitted to the combined treatment against 33.4% in those who received isolated brachytherapy (p = 0.013).
BDFS for three and five years were 76% e 70%, respectively (Figure-1) . Five years BDFS, stratified by risk groups were 78%, 62.5% e 55% (p = 0.53) for low, intermediate and high risk, respectively (Figure-2) . Combination of brachytherapy with external beam radiotherapy gave 76.7% five years BDFS, while in the brachytherapy alone group, the rate was 40.7% (p < 0.05) (Figure-3) . Neoadjuvant hormone therapy did not improve the 5 years BDFS. In patients submitted to this therapy a BDFS rate of 68%, was obtained against 71% in the untreated group (p = 0.88) (Figure-4) . Iodine-125 seeds brachytherapy presented low morbidity, with acute and late toxicity characterized by mild to moderate symptoms, controlled by palliative medication, allowing patients to perform normal activities in most cases. Tables-2 and 3 relate degrees of toxicities in GU and GI tracts.
It can be conclude that, most patients had low levels of acute and late toxicities (grades 0, 1 e 2) with a predominance of urinary symptoms (grades 1 and 2) in the first four months after brachytherapy (67.8%) over GI complains (26.4%). Late toxicity was also of low intensity and frequency, requiring palliative medication in 8 patients and therapeutic intervention in 7.
The association with external beam radiotherapy or the use of neoadjuvant hormone therapy did not have statistically significant interference in GU / GI acute and late toxicities rates (Table-4 ).
COMMENTS
The parameter used for evaluation of response to treatment and for comparison with other authors/ results was the biochemical PSA recurrence, defined by ASTRO consensus (14) .
Although radical prostatectomy offers high biochemical disease control rates, similar results can be found in literature with external beam radiotherapy or Iodine-125 seeds brachytherapy (16) (17) (18) .
A survey of 90 patients with localized prostate cancer, treated by brachytherapy with Iodine-125 seeds in this clinic, showed biochemical disease control similar to those published by other centers, which achieved rates varying from 66-88%, for 5 to 12 years of follow-up (3, 4, 10, 12 Analysis of the relation between iPSA values and the probability of biochemical disease recurrence showed that the higher the iPSA the greater the chance of biochemical recurrence, which was also described by Sylvester et al. (12) , who achieved biochemical control rates of 76.4% for iPSA ≤ 10 ng/mL and 52.8% for iPSA > 20 ng/mL. Stock et al. (22) demonstrated that the dose delivered in the prostate is a significant predictive factor for biochemical recurrence, as patients who receive more than 140 Gy of the total dose in 90% of the prostate (D 90 > 97%) attained biochemical control in 92% compared to 62% among those with D 90 < 140 Gy. In the present study, D 90 only had statistically significance in intermediate risk group, when evaluated isolatedly. Actuarial global analysis, however, showed that D 90 was not statistically significant. Jani et al. (2) published evident benefits with the combination of external beam radiotherapy and brachytherapy for intermediate and high risk patients, where biochemical disease control was 70% against 50% for those submitted to isolated brachytherapy. Our results also confirm the advantage of combined treatment, especially for high risk patients, who achieved biochemical control in 87.5% against 33.4% in those who received isolated brachytherapy.
The main purpose for neoadjuvant hormone therapy is the reduction of prostate size when volume is over 50 g (8, 9) . This was also the rational for its prescription in this work. Its antineoplastic property still presents questionable effects (10), with controversial application (23) . This study was unable to show any improvement in biochemical disease control rates with the use of neoadjuvant hormone therapy.
Data from literature demonstrate that morbidity of brachytherapy with Iodine-125 seeds is similar to those of external beam radiotherapy and radical prostatectomy (23, 24) . The GU acute toxicity was of low intensity (grade 0-2 RTOG) and easily controlled in 88.5%. Singh et al. (24) (26) did not found any relation between neoadjuvant hormone therapy and acute GI toxicity, however, there was a rise in GU acute toxicity. This work also did not report any increase in acute toxicity of the GI, but a slight rise in that of GU, although not reaching statistic significance.
The combination with external beam radiotherapy did not increase acute and late toxicities of GU and GI in any significant way, which is in accordance with Gelblum et al. (27, 28) .
Further work-up is being prepared with higher number of patients for later analysis, and for comparison of results employing the ASTRO and PHOENIX (29) failure definition. Recent studies suggest the PHOENIX consensus as the best definition of biochemical disease recurrence (30, 31) .
CONCLUSION
Brachytherapy with Iodine-125 seeds is currently accepted as an alternative treatment for localized prostate cancer. Its biochemical disease control results are similar to those of traditional therapeutic methods, with low to moderate morbidity for the GU and GI tracts.
The best results are attained in low and intermediate risk groups. In high risk category, brachytherapy also shows competitive efficacy, requiring further studies to improve results in this bad prognostic group.
Clinicopathological data with greatest influence in biochemical relapse rates was iPSA value and the classification in risk groups according to the prognostic factors present in each patient.
It can be concluded that, although our preliminary results might have limited statistical power due to small number of patients, they are in accordance with the current literature.
Mild diarrhea, mild cramping, bowel movements 2-5/day, slight rectal discharge or bleeding.
Grade 2
Frequency of urination is less frequent than every hour (day: 12-16 times; nocturia 5-8 times)/dysuria, urgency, bladder spasm requiring local anesthetic.
Diarrhea requiring parasympatholytic drugs/ mucous discharge not necessitating sanitary pads/ rectal or abdominal pain requiring analgesics.
Frequency during day 1-2h; nocturia 4-6; moderate dysuria or intermittent hematuria requiring medication, bladder capacity 150-300 cc.
Moderate diarrhea, intermittent severe cramping, bowel movements >5/day, rectal discharge, intermittent bleeding.
Grade 3
Frequency of urination is more frequent than every hour (day>16 times; nocturia>8 times)/ dysuria, bladders spasm, urgency requiring frequent regular narcotic/ gross hematuria.
Diarrhea requiring parenteral support/ severe mucous or blood discharge necessitating sanitary pads/ abdominal distension.
Frequency during day >2h; nocturia >6; severe dysuria, frequent hematuria, bladder capacity 100-150 cc.
watery diarrhea, obstruction requiring surgery, bleeding requiring surgery.
Grade 4
Hematuria requiring transfusion/ obstruction not due to clots/ ulceration/ necrosis.
Obstruction, fistula, or perforation; GI bleeding requiring transfusion; abdominal pain or tenesmus requiring tube decompression or bowel diversion.
Necrosis, severe hemorrhagic cystitis, bladder capacity < 100 cc.
Necrosis, perforation.
Grade 0 = no morbidity; Grade 5 = death; GU = genitourinary; GI = gastrointestinal. sive procedure and not affordable by the majority of patients in a developing country.
However, the authors have now overcome a learning curve of around 60 treated patients, which, according to the study of Lee and co-workers, are required to achieve adequate D90 and V100 values (1) . As a result of this learning process, V100 (mean 82.9%) and D90 (mean 138.2 Gy) are still below the generally required values. Acute and late toxicity scores were low and not significantly worse when LDR-BT was combined with EBRT. As an end-point, the American Society for Therapeutic Radiation Oncology (ASTRO) definition of PSA failure was still used. Biochemical disease control rates were 79%, 71% and 52% in low, intermediate and high risk patients, respectively. Even though the mean number of patients treated per year was obviously lower than 20, these biochemical control rates, at least achieved in the low and intermediate risk groups, are comparable and in accordance to those of larger series from experienced centers (2-4). They document that PSArelapsed patients have a lower D90 than patients with no evidence of biochemical recurrence, underlining the importance of the established values for D90. However, it is critical to compare the oncological results of the present study with large "LDR-BT only" series, as EBRT adds significant therapeutic benefits and the role of combined LDR-BT and EBRT remains to be clarified.
We compliment the authors on their readiness to publish their preliminary and not yet perfect results achieved with a method of growing interest and indications.
